INTRODUCTION
To encourage feed intake for newly weaned pigs, highly palatable and nutrient dense protein sources, such as fish meal, are commonly added to nursery diets. Fish meal is typically considered a very good protein source due to its balance of AA, vitamins and minerals, and presence of omega 3 fatty acids (Church and Kellems, 1998; Li et al., 2014) . However, the quality of fish meal used can vary considerably based on the species of fish, freshness of the raw material, and processing method (Pike et al., 1990) . Because of these factors, growth responses to fish meal have sometimes been inconsistent (Kim and Easter, 2001; Jones et al., 2010) .
One explanation of the inconsistencies of fish meal may reflect the amount of fish solubles added back into the presscake during the manufacturing process of whole fish meal. Fish solubles are a by-product derived from the intermediate fraction generated during the manufacturing process of fish meal and oil (Soares et al., 1973) . Traditionally, fish solubles have been used directly as protein source or palatability enhancer in aquaculture diets (Hertrampf and Piedad-Pascual, 2000) . Fish meal produced and marketed today on average contains 8% to 15% fish solubles (Herbert, 2016, personal communication) . It is unclear if the amount of fish solubles contained within fish meal will influence growth performance of pigs. Therefore, the objectives of these studies were to evaluate the growth performance of nursery pigs fed different sources of fish meal and determine if differences in growth performance are related to level of fish solubles added in fish meal during processing.
MATERIALS AND METHODS

General
The Kansas State University Institutional Animal Care and Use Committee approved the protocols used in these experiments. These experiments were conducted at the K-State Swine Teaching and Research Center (experiment 1) and K-State Segregated Early Weaning facilities (experiment 2 and 3). Experiments 1 and 2 were conducted during summer 2015 and experiment 3 was conducted during winter 2016. Each pen (1.52 × 1.22 m, experiment 1; 1.22 × 1.22 m, experiment 2 and 3) contained a four-hole dry self-feeder and either a nipple waterer (experiment 1) or cup waterer (experiment 2 and 3) for ad libitum access to feed and water. All diets were fed in meal form and prepared at the O. H. Kruse Feed Technology and Innovation Center located in Manhattan, KS.
Experiment 1
A total of 250 pigs (327 × 1,050 PIC, Hendersonville, TN; initially 7.1 ± 1.00 kg body weight) were used in a 13-d growth trial with five pigs per pen and 10 pens per treatment. Pigs were weaned at approximately 21 d of age, placed in pens and fed a common pelleted starter diet for 5 d prior to the start of the experiment. On day 0 of the experiment, pigs were weighed and pens were allotted to one of five dietary treatments in a completely randomized design. Dietary treatments included a corn-soybean meal-based control diet, a diet containing 8.3% enzymatically treated soybean meal (ESBM; HP 300, Hamlet Protein, Findlay, OH), or diets with 6% fish meal from one of three sources (IPC 790, The Scoular Company, Minneapolis, MN; Special Select Menhaden, Omega Proteins, Houston, TX; LT Prime Menhaden, Daybrook Fisheries Inc., New Orleans, LA; sources 1, 2, and 3, respectively; Table 1 ). Fish meal source 2 was from the 2014 catch year, while sources 1 and 3 were from the 2015 catch year. Diets (Table 2) were formulated such that 6% fish meal provided the same amount of standardized ileal digestible (SID) Lys as 8.3% ESBM. Calculated AA values and SID coefficients from NRC (2012) were used in diet formulation for the three fish meal sources, while nutrient values for the ESBM were provided by the manufacturer. Pigs and feeders were weighed on days 0, 7, and 13 of the trial to determine ADG, ADFI, and G:F.
Experiment 2
A total of 350 barrows (Line 200 × 400 DNA, Columbus, NE; initially 6.5 ± 0.90 kg body weight) were used in a 14-d growth trial with five pigs per pen and 10 pens per treatment. Pigs were weaned at approximately 21 d of age, placed in pens, and fed a common pelleted starter diet for 7 d prior to the start of the experiment. On day 0 of the experiment, pigs were weighed and pens were allotted to one of seven dietary treatments in a complete randomized design. Dietary treatments (Table 4) included the same control diets and diets with 6% fish meal from the same three sources, but different batches as in experiment 1. Additionally, diets with 3% fish meal from the same sources were also included in this trial. Pigs and feeders were weighed on days 0, 7, and 14 of the trial to determine ADG, ADFI, and G:F.
Experiment 3
Two groups of 350 barrows (700 total; Line 200 × 400 DNA, Columbus, NE; initially 6.5 ± 0.84 kg body weight) were used in a 21-d growth trial with five pigs per pen and 14 pens per treatment in each group (28 total pens per treatment). Pigs were weaned at approximately 21 d of age, placed in pens, and fed a common pelleted starter diet for 3 d prior to the start of the experiment. On day 0 of the experiment, pigs were weighed and pens were allotted to one of five dietary treatments in a randomized complete block design. Dietary treatments included a control that was corn-soybean meal-based and four diets containing 6% fish meal (source 3) with 0.87%, 8.70%, 16.52%, and 24.35% fish solubles included in the fish meal.
Two batches of fish meal were used for this experiment to form the fish meal treatments. One fish meal batch contained 0.87% solubles and the second batch contained 24.35% solubles. A composite sample from each batch of fish meal was collected and analyzed for AA content and proximate analysis prior to formulation to determine nutrient loading values (Table 5) . Then, basal diets containing the 0.87% and 24.35% solubles fish meal were manufactured and then blended to create the intermediate diets (Table 6 ). Diets were formulated to contain 1.35% SID Lys and balanced on a NE basis by lowering the choice white grease when fish meal was added. Net energy values from the NRC (2012) were used for the high solubles fish meal because the fat level of fishmeal sample provided by NRC (2012) closely resembled the analyzed fat level of high solubles fish meal. Difference in fat concentrations between high and low solubles fish meals was determined, and that amount of choice white grease was added to the low solubles fish Fish meal source and nursery pig performance
Translate basic science to industry innovation meal diet in order to achieve equal amounts of added fat from choice white grease and fish meal. Pigs and feeders were weighed on days 0, 7, 14, and 21 of the trial to determine ADG, ADFI, and G:F.
Diet Sampling and Analysis
Complete diet samples were obtained from feeders, composited, and frozen at −20 °C for subsequent analysis. Samples of ESBM and fish meal 
Statistical Analysis
Data were analyzed using the GLIMMIX procedure in SAS (SAS Institute, Inc., Cary, NC) with pen as the experimental unit. Experiments 1 and 2 were analyzed in a complete randomized design. For experiment 1, the statistical model contained the fixed effect of dietary treatment. In experiment 2, the statistical model contained the fixed effects of fish meal source, level, and their interaction; single degree-of-freedom contrasts were performed 
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Translate basic science to industry innovation to test the linear and quadratic effects of increasing fishmeal level on growth performance for each fishmeal source. Experiment 3 was analyzed in a randomized complete block design with the fixed effect of dietary treatment and a random effect of group. Preplanned linear and quadratic contrasts were used to determine the effects of increasing fish solubles on performance criteria. In all experiments, means were reported as least-squares means and results were considered significant at P ≤0.05 and marginally significant between P >0.05 and P ≤0.10. 
RESULTS
Chemical Analysis
Fish meal sources used in experiments 1, 2, and 3 were of high quality as indicated by the low total volatile N concentration (Tables 1, 3 , and 5). Total volatile N was similar among fish meal sources. Fish meal source 2 used in experiment 1 and 2 contained less CP and Lys than other sources with greater deviation from the formulated values being observed in experiment 1 compared with experiment 2. Despite these differences, chemical composition of the complete diets was within analytical variation of their estimated values (Tables 7,  8 , and 9).
Pepsin digestibility were similar (Table 5 ) between the low soluble and high soluble fish meal used in experiment 3 with the high soluble fish meal having a higher modified Torry digestibility than the low soluble fish meal (92.4% vs. 86.4%). The low soluble fish meal had a higher CP content and concentrations of AA, but lower ether extract than the high soluble fish meal. Biogenic amine concentrations (Table 5) were lower in the low soluble fish meal compared with the high soluble fish meal.
Experiment 1
There was no evidence for any treatment effects on ADG or ADFI (Table 10 ). However, pigs fed fish meal source 1 had a marginally lower (P = 0.068) G:F compared with pigs fed diets with other protein sources.
Experiment 2
Overall, a source × level interaction (linear, P < 0.05) for ADG, G:F, and final body weight was observed (Table 11) . Increasing fish meal source 1 from 0% to 6% increased (linear, P < 0.05) ADG but had no effect on G:F. However, a quadratic effect (P < 0.05) of increasing fish meal level was observed for source 2 as pigs had improved ADG and G:F at 3%, but no different performance at 6% inclusion compared with control pigs. Feeding fish meal source 3 did not affect ADG and G:F regardless of inclusion level. No evidence for differences was detected among the dietary treatments for ADFI. 
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Experiment 3
Overall, pigs fed diets with fishmeal had increased (P < 0.05) final body weight, ADG, and ADFI compared with pigs fed the control diet without fish meal (Table 12 ). There was no evidence for differences detected for growth performance when the amount of fish solubles was increased. Translate basic science to industry innovation
DISCUSSION
To encourage feed intake post-weaning, highly palatable and nutrient dense protein sources are often included in nursery diets. Historically, research has observed that including fish meal in early nursery diets improves growth performance and health (Stoner et al., 1990; Bergström et al., 1997; Young et al., 2002) . However, the magnitude of the growth response observed when feeding fish meal in nursery diets can be inconsistent (Kim and Easter, 2001; Jones et al., 2010; Sinn et al., 2017) . Stoner et al. (1990) reported that the addition of 4% to 8% select Menhaden fish meal improved growth performance when replacing soybean meal. Similarly, Young et al. (2002) conducted an experiment in which pigs (approximately 6.4 kg body weight) were fed two sources of fish meal included at either 2.5% or 5%. The authors reported a linear improvement in ADG when pigs were fed increasing levels of fish meal. In contrast, Jones et al. (2010) reported that 3% select Menhaden fish meal was optimal to marginally improve ADG and ADFI; Samples were collected at the feeder, pooled, mixed, and then split using a riffle splitter to create a composite sample and submitted to Ward Laboratories (Kearney, NE) for analysis. Samples were collected at the feeder, pooled, mixed, and then split using a riffle splitter to create a composite sample and submitted to Ward Laboratories (Kearney, NE) for analysis. xy Within the a row with different superscripts differ (P < 0.10). however, when pigs were fed either 5% or 6% fish meal, performance was similar to pigs fed a standard corn-soybean meal control diet with no specialty protein sources added. Our results from experiment 1 and experiment 2 also found inconsistencies in growth responses among fish meal sources. Traditional measurements for determining the freshness and quality of fish meal were measured in both studies. Total volatile N and modified Torry digestibility are indicators of the degrees of freshness of the raw fish used in the manufacturing process and protein quality of the finished product, respectively. The total volatile N analysis measures free N, which is an indication of volatilization of crude protein (Kjeldsen et al., 1983) . A value less than 0.15% is thought to indicate that the fish meal is of good quality. The modified Torry digestibility is calculated as a portion of acid insoluble N that is soluble in acid pepsin solution (Bimbo, 1998) . All fish meal sources used in the present experiments contained total volatile N contents less than 0.15% and reasonably high modified Torry digestibilities. In addition, concentrations of biogenic amines, products of AA degradation via bacterial AA decarboxylases overtime (Opstvedt et al., 1996) , did not change significantly during the extended storage period (5 mo) between the groups of pigs that were used in experiment 3. This observation suggests that the fish meal product used was stable. Based on these findings, chemical analyses could not explain the differences in performance found among the fish meal sources as total volatile N and modified Torry digestibility values were similar among fish meal sources and indicated fish meal of high quality. Noticeable differences in the nutrient composition between the sources of fish meal and formulated values used in experiment 1 and 2 were observed. The reason for the differences between analyzed and formulated values are most likely due to the fact that formulated values from NRC (2012) represent the average nutrient composition across various species of fish. Previous researches (Huss, 1995; Olsson et al., 2003; Boran and Karaҫam 2011) have indicated that nutrient composition varies greatly from species to species depending on age of the fish, environments in which the fish are reared, and season among others.
In our study, Peruvian Anchovy (Engraulis ringens) fish were used in the manufacturing of source 1 fish meal; whereas, source 2 and 3 were derived from Gulf Menhaden (Brevoortia patronus). In addition, source 3 was dried at 70 °C as opposed to the traditional 90 °C. The reduction in drying temperature has been demonstrated to reduce the risk of negatively influencing protein quality (Pike et al., 1990; Ariyawansa, 2000) . This was particularly relevant in an experiment conducted by Kim and Easter (2001) where the nutritional values of four fish meal sources (Menhaden, Mackerel -dried at 85 °C, Mackerel -dried at 70 °C, and Herring -dried at 70 °C) were fed to nursery pigs for 4 wk. The authors reported that apparent ileal digestibilities of all AA were 16% and 11% greater for Mackerel and Herring fish meals dried at 70 °C, respectively, compared with Mackerel fish meal dried at 85 °C. In addition, apparent ileal digestibilities of all AA were on average 14% and 11% higher for Herring and Mackerel fish meal, respectively, than Menhaden fish meal. Consequently, processing procedure and species of fish used to produce the fish meal may influence the fish meal composition and may lead to different growth performance responses when fish meal is fed to weanling pigs.
Fish solubles (sometimes known as stickwater concentrate) are a by-product derived from the intermediate fraction (liquid phase) during the manufacturing process of fish meal (Wu and Bechtel, 2012) . Fish solubles contain various water-soluble and insoluble fractions that are rich sources of B vitamins and minerals (Soares et al., 1973) . For this reason, the value of collecting and reincorporating solubles into the final product is of importance, but can also be expensive to recover due to the viscous nature of the solubles. Fish meal commonly produced and sold today on average contains 8% to 15% fish solubles in the final product (Herbert, 2016, personal communication) .
Early work conducted by Laksesvela (1958) examining fish solubles and their relative feeding value to chicks indicated that solubles were a negligible protein source alone, but when fed in combination with presscake fish meal, feed intake was increased. Furthermore, Hulan and Proudfoot (1987) reported improved growth performance when broilers were fed a diet containing fish meal with added fish solubles compared with those fed fish meal with no added fish solubles. In addition, fish solubles have been used extensively as a protein source in aquaculture diets as an attractant/palatability enhancer to increase feed intake (Hertrampf and Piedad-Pascual, 2000; Kousoulaki et al., 2009) .
Ours is the first study that we are aware of to determine the influence of fish solubles contained within fish meal on growth performance of pigs. In contrast to the poultry and aquaculture studies cited above, we observed no growth benefit when increasing fish solubles inclusion from 0.87% to 24.35% when 6% fish meal was included in the diet. It is unclear if swine are less sensitive to increasing fish solubles. It is also possible that the improved performance with increased fish solubles observed by Hulan and Proudfoot (1987) was a result of not accounting for the additional AA from increased soluble content. Nevertheless, our study would indicate that the response to fish meal is not dependent on the amount of fish solubles added to the fish meal.
In conclusion, based on the analyses of total volatile N, modified Torry digestibility, and biogenic amine concentration, all fish meal sources tested were of high quality. Still, differences in growth performance were observed for pigs offered different amounts or sources of fish meal. Reason for the inconsistent growth responses remains unclear but does not appear to be a reflection of the levels of fish solubles included in the whole fish meal.
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